ABSTRACT. Studies on the occurrence, temporal distribution and nychthemeral variation of Macrobrachium amazonicum (Heller, 1862) were undet1aken in Leopoldo's Inlet, upper Paraná River, Porto Rico, Paraná, Brazil. Seventeen thousand and sixty specimens (11,786 larvae and 5,274 juveniles) were captured with a conicalcylindrical plankton net of mesh 0.5mm in monthly samples between February 1991 and Februaty 1992. Results show lhat the greatest densities of larvae (301.83 larvae/I Om) andjuveniles (168.8/1 Om) ofthis species were caught in December 1991. Largest captures were made during the nighl. With regard to abiotic factors water temperature ranged fram 20° to 30°C, pH ranged fram 5.66 to 7.37 and electric conductivity ranged fram 51.83 to 65.33!lS/cm. Relationship between the density of larvae and juveniles and abiotic factors was calculated by the Principal Components Analysis (PCA) which revealed the influence of some limnological variables especially on the distribution of larvae. KEY WORDS. Decapoda, Palaemonidae, Macrobrachium amazonicum, temporal distribution, nychthemeral variation, Paraná River Since some species offreshwater shrimps have a high economical quotation, studies have been undertaken, chief1y on the genus Macrobrachium (Bate, 1868), in different regions of Brazil with regard to the general ecological and biological aspects of these o rganisms. Among these studies m ention should be mad e of the research works of
Since some species offreshwater shrimps have a high economical quotation, studies have been undertaken, chief1y on the genus Macrobrachium (Bate, 1868) , in different regions of Brazil with regard to the general ecological and biological aspects of these o rganisms. Among these studies m ention should be mad e of the research works of GOMES-CORRÊA (1977) , LOBÃO & SA WA Y A (1979), CARVALHO et aI. (1979) , ELMOR et aI. (1981) , BOND-BuCKUP & BUCKUP (1982 , 1983 , COELHO et aI. (1982) , COELHO & RAMOS-PORTO (1985) , LOBÃO et aI. (1986a) , ODINETZ-COLLART (1988) , BOND-BuCKUP & BUCKUP (1989) , among others.
T h e species that h as been stud ied w ith m u ch fre q uency is Macrobrachium amazonicum (Hell er, 1862) , popu larly known as "camarão-canela" or "camarão-is widely distributed and is found in the basins of north of South America, of the Amazon River, of northeastern Brazil, of the São Francisco River and of the Paraguay River. ln the Amazon River, its place of origin, it is found in high densities and constitutes about 80% of the macrocrustacean biomass of the floodplains (ODINETZ-COLLART 1993) .
With an aim at repopulation programs the São Paulo Energy Company (CESP) introduced various fish species from dams found in the North and Northeastern regions ofBrazil. Macrobrachium ama:!onicum was introduced to feed these fish (TORLONI et aI. 1993) . Apparently they adapted themselves well to the new habitat and spread throughout the floodplain of the upper Paraná River. At present they are an important link in the alimentary chain ofthis environment. The aim of the present paper is to analyse the occurrence, temporal distribution and nychthemeral variation of M. ama::;onicum and its relationship with some abiotic variables.
It will thus contribute to the ecology and biology ofthis species in the region.
MATERIALS ANO METHOOS

Characteristics of the area
Leopoldo's Inlet (22°45 'S and 53°16 ' W) lies on the right margin of Porto Rico island, upper Paraná River, municipality of Porto Rico, Paraná, Brazil (Fig.  1 ) .
The environment is lentic almost ali the year round, linked constantly to the Paraná River and has a greater flow when the rising ofthe fluviometric levei occurs. It may extend up to 1,100m.
Margins are flooded owing to their slight declivity . The greatest depth during flooding may reach up to four meters, diminishing at the extremely shallow margins. Sediment is muddy, rich in organic material and the riparian vegetation is characterized by the presence ofspecies typical offloodplains such as Poaceae, Po/ygonum spp, shrub formations and some trees. The embaúba, Cecropia pachystachya (Trec. , 1924) , is the most frequent species (CAMPOS & SOUZA 1997) .
Methods
Captures were made monthly from February 1991 to February 1992 throughout the nychthemeral cycles with four hour intervals between them . Conicalcylindrical plankton net were used with mesh 0.5mm, 1.5m in length and 0.375m diameter at the mouth. The net was dragged at the water levei during 10 minutes with the boat at low speed. Filtered water was obtained from a fluxometer joined to the mouth ofthe net. Samples ofcaptured plankton were fixed in 4% formaldehyde solution. Temperature (0C), electric conductivity (JlS/cm) and pH ofthe water at the surface were recorded . However, these last two parameters were obtained only as from Septem ber 1991 due to lack of equipment. Estimates of pluviometric index and fluviometric levei were obtained from the climatological station ofthe National Department of Water and Electrical Energy (DNAEE) at Porto São José, Paraná, Brazil. 
381
Samples of M amazonicum were separated from the other plankton in the laboratory by using a stereoscopic microscope and Bogorov's acrilic plate. Sample standardization was undertaken for a volume of 10m 3 of filtered water. Identification of individuais was based on their external morphology according to HOL-THUIS'S (1952) criteria. Distinction between larvae andjuveniles was done according to MAGALHÃES (1985) . Relative density was calculated according to the following formula:
DR= N C
where: (DR) relative density of larvae/juveniles (ind/ IO m\ (N) total number of larvae/juveniles collected; (C) nurnber of months in which larvae/juveniles occurred.
For a better view of results the graphs for temporal distribution and nychthemeral variations are given in logarithmic scales. Association between the abiotic variables and larvae and juvenile densities was undertaken through the Principal Components Analysis (PCA) and its aim was to verify interdependence among the variables (MANLY 1995) . Data referring to the period of the greatest capture of individuais, or rather, from September 1991 to February 1992 were used. Data matrix was composed by tive variables (water temperature, pR, electric conductivity, fluviometric levei and pluviometric index) and 36 observations. Data were previously standardized since they were units of distinct measurements.
Scores ofthe Principal Compenents Analysis applied to the abiotic data were used as explanatory variables of the organisms' densities which were previously given in logarithms with the addition of a constant (I).
RESULTS
Abiotic variables
A verage abiotic variables obtained during the period are on table I Water temperature values ranged from 20° to 30°C with lowervalues in June 1991 and highest in February 1992, presenting a c\ear seasonal factor throughout the year. With regard to pR and electric conductivity lack of data from February to August 1991 does not permit annual possible variation. Rowever, pR ranged from 5.66 in October 1991 to 7.37 in January of the sarne year. Electric conductivity ranged from 51.83 to 65.3JlS/cm. The lowest value was obtained in October 1991 and the highest in February 1992.
Values of tluviometric levei, pluviometric index and water temperature varied according to the season. River levei presented lower values in October with 261cm and the highest values were obtained in April 1991 with 549cm. The pluviometric index presented great variations oscillating between 2.2mm (July 1991) and 181.6mm (December 1991).
Temporal Distribution and Nychthemeral Variation
Data on monthly captures oflarvae andjuveniles are shown in figure 2. The temporal distribution of these organisms shows that captures occur in almost throughout the whole period with highest occurrences in the spring/summer months. The nychthemeral variation ofindividuals is shown in figure 3 . Captures at different times show that for both stages the greatest captures occurred during the night. The peak of larvae capture was observed to be at 21 :30 hours (125 .83 larvae/l 0\ the smallest density occurred at 9:30 hours with 16.81 larvae/lOm 3 .
With regard to variation ofjuveniles, they seem to have a similar behaviour to that ofthe larvae: the greatest density was observed at 1 :30 hours (69.89 juveniles/l Om 3 ) and the smallest at 9:30 hours (0.95 juveniles/lOm\
Relationship between abiotic variables and density of organisms
Analyses ofrelationship between the principal components and the densities of organisms were undertaken by means of data referring to the period of greatest capture as shown in table II. n ... Among the five possible principal components only the first three were used for interpretation since they were the only ones with autovalues higher than 1.0 (Kaiser-Guttman's criterion). Principal components I, II and III together explained 84% ofthe abiotic data's variability .
Abiotic variables were correlated positively to PCI with structure coefficient higher than 0.5 . PClI was positively correlated to electric conductivity and negatively to pR pcm was positively correlated to temperature and negatively to the pluviometric index (Tab. III). Density variability of larvae and juveniles cannot be explained by the first linear combination (PCI) which maximizes abiotic data variance. With regard to the larvae, Pearson's correlation between principal components II and III and density values in the log scale was high . With regard to juveniles there was no significant correlation with any linear combination (Fig. 4) . •
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• Fig. 4 . Relationship between the log of larvae density and principal components II (A) and III (B).
DISCUSSION
The success in the colonization and the great expansion of M amazonicum in the basin ofParaná River is probably due to its great capacity of adaptability and the reproductive strategy used . Reproduction through the whole year, relatively high fecundity and planktotrophic larvae cause this species to have appropriate characteristics to occupy environments which have severe drastic changes in the hydrologic regime (MAGALHÃES 1985) .
Although reproduction of M amazonicum in Central Amazon is continuous, there are three distinct peaks throughout the year: in mid low water period; in the dry period and in mid flooding period which is more intense (ODINETZ-COLLART 1991) . This sarne reproductive behavior may be responsible for the great number oflarvae and juveniles between August and December 1991, with a peak in the last month . This may be probably associated to the high pluviometric index observed in the region and to the rising ofthe river in this period. Organisms produced during this period take advantage of the rising in the water leveI. This factor favours survival since it diminishes intraspecies competition and predation due to an increase in food and available shelter. Dispersion of shrimps caused by an increase of water volume was also studied by W ALKER (1986) in the Amazon who registered the reproduction of M inpa (Kensley & Walker, 1982) , M nallereri (Heller, 1862), Pseudopalaemon chryseus (Kensley & Walker, 1982) and Euryrhynchus amazoniensis (Tiefenbacher, 1978) during flooding and by LOBÃO el aI. (l986b) who studied population of M iheringii (Ortmann, 1897) ofthe Buava River in the state ofSão Paulo, Brazil. The latter recorded that the reproduction ofthis species occurred between December and January .
As a general rule, larvae of M amazonicum were captured in months with high values of the pluviometric index, pH, electric conductivity and water temperature, as shown by the Principal Components Analysis. This is a period with the hottest months ofthe year and which also coincides to an increase in the fluviometric leveI. Ali these environrnental variables seem to cause an intense reproductive process which is a common behaviour in tropical fish and shrimps during the flood period (ODINETZ-COLLART 1991) . TAKINO et aI. (1989) studied the reproductive intensity of M birai (Lobão, Melo & Fernandes, 1986) in the Branco River, state of São Paulo, Brazil, and observed that the greatest reproduction occurred during the summer when the highest rainfalls and water temperature rising occurred. Similar data were obtained by CARVALHO et a!. (1979) who studied the biology of M acanthurus (Wiegmann, 1836) in the island of Itaparica, state of Bahia, Brazil. These authors showed that migration of these organisms was favoured by rains which is one of the most important factors in the richness of these organisms. VALENTI et aI. (1986) also observed that spawning period of the various species of shrimp populations in the Ribeira de Iguape River, state of São Paulo, Brazil, coincided with the rainy and the hottest peri od of the year.
The great number of captures ofthe organisms during the night period seems to be explained by vertical migration. The phenomenon is very common in zooplanktonic organisms and is probably intluenced by a higher food availability in the water column or by the tlight of visual planktophagic predators. ln the case of juveniles, besides the tlight from predators, another factor is the avoidance of the capture appal'atus during the period oflight. MOREIRA & ODINETZ-COLLART (1993) studied a floodplain lake of Central Amazon and also observed a greater concentration oflarvae ofthis species at the surface during the first hours ofthe night at 22:00 hours, independently ofthe period ofthe year and ofthe type ofhabitat. However, the hypothesis ofvertical migration cannot be confirmed in our studies since depth captures were not undertaken to observe the distribution of these organisms (they would probably be in the substratum) during the day .
Pearson's non-significant correlations between the principal components and the log of juvenile densities may have been caused by the indirect relationship with abiotic factors and by direct relationship to the number of larvae. An increase of the number of larvae also causes an increase in the number of juveniles which remain in the environment. This is probably due to the great availabi lity offood and to favourable conditions to their development.
At present these organisms are an important food source for the various fish populations ofthe tloodplain ofthe upper Paraná River. They are part ofthe diet of various carnivorous species such as Plagioscion squamosissimus (Heckel, 1864) and Raphiodon vulpinus (Agassiz, 1829) (ALMEIDA in press) and of omnivorous species such as Parauchenipterus galeatus (Linnaeus, 1766) and Pimelodus maculatus (La Cepede, 1803) (AGOSTINHO et aI. 1997) which participate in the alimentary chain. Besides, M amazonicum is a commercial possibi li ty still not exp lored in the region . The understanding of its life cycle will offer support for its possible rational exploration.
CONCLUSIONS
Macrobrachium amazonicum is frequent in the upper Paraná River floodplain. Its presence is recent, and is a result ofthe introduction of species in the Paraná basin together with fi shes. Due to its high capacity to adaptation and its reproductive strategy, this species showed fast development and now colonize the entÍTe floodplain.
Time of reproduction is associated to environmental changes that occur between August and December, mainly by increase in pluviometric index, pH, electric conductivity and water temperature. The high number of larvae and juveniles in these months suggest intense reproduction in this period, but during ali year these phases are collected.
It is possible that this species develop vertical migration at night, probably searching for food, or scaping from visual planctophagous predators.
This species became an important food resource for some carnivorous and omnivorous fish species of the floodplain, and its is an unexploted comercial resource ofthe region .
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